A duplex surface treatment involves the sequential application of two surface technologies to produce a surface composition with combined properties. A typical duplex process involves plasma nitriding and the coating treatment of steels. In the paper are presented characteristics of hard coatings, type TiN, produced by classic technology PVD (physical vapour deposition) and IBAD (ion beam assisted deposition). The synthesis of the TiN film by IBAD has been performed by irradiation of Ar ions. The evolution of the microstructure from porous and columnar grains to densel packed grains is accompanied by changes in mechanical and physical properties (1). Subsequent ion implantation was provided with N ions. Wear tests were carried out using a pin-on-ring geometry with no lubrication.. Varieties of analytic techniques were used for characterization, such as scratch test, calo test, SEM, XRD and EDAX. X-ray diffraction studies were undertaken in an attempt to determine the phases present, and perhaps an estimate of grain size from line broadening. The results were correlated with properties determined from mechanical and tribological characterisation.
INTRODUCTION
The substrate material used was high speed steel, type S 6-5-2. Prior to deposition the substrate was mechanically polished to a surface roughnes of 0.12 In order to produce good adhesion of the coating, the substrates were plasma nitrided at low pressure. The PVD treatment was performed in a Balzers Sputron installation with rotating specimen. The other samples were produced with IBAD technology in DANFYSIK chamber. After deposition, the samples were irradiated with 22 keV, N 2+ ions at room temperature (RT). N 2+ ions were supplied by an electron cyclotron resonance (ECR) ion source. The implanted fluences were in the range from 0.6×10 17 to 1×10 17 ions/cm 2 Scratch adhesion testing was performed using commercially available equipment (REVETEST CSEM). X-ray diffraction studies were undertaken in an attempt to determine the phases present, and perhaps an estimate of grain size from line broadening. The surface roughness was measured using stylus type (Talysurf Taylor Hobson) instruments.
The tribological behaviour of the coatings was studied by means of pin-on-ring contact configuration in dry sliding conditions, described elsewhere (2) .
The friction coefficient of sample with duplex coating with additional ion implantation, is presented in Fig. 1 The curves of friction coefficient are clearly reproducible and distinctively show a lower rise in friction coefficient for the composite (pn/TiN) coated specimens and much more for sample with additional ion imlantation (under 0.1).
The three basic points that are considered fundamental to studies of friction are the surface area and nature of the intimate asperity contacts, the surface adhesion and shear strength, and the nature of deformation and energy dissipation occurring at the asperity junctions.
The wear resistance of the TiN coating was obviously improved by the presence of a nitride interlayer. Such an improvements is probably due to the adequate bonding between the nitrided layer and substrate (3) . Energy depressive analyze with X-ray (EDAX), of the transfer layer showed that the transfer layer consists of small amount of counter material (adhesive wear), Fig.2 . The hardness values are also shown to demonstrate the increase in surface hardness due to nitriding at low pressure and coating, Tab.1. The material under study is TiN coating with a thickness of approximately 1µm deposited by IBAD. With smaller load indentation, 5g, TiN(IBAD) coating show, irrespective of the coating thickness, the greatest increase in hardness (5200HV 0.005 ).
The result from scanning electron microscopy shows a columnar structure reaching from the substrate to the coating surface. The films are very dense. The interface indicates very good coating to substrate adhesion. The values for critical load L c are in general smaller for coatings deposited by PVD.
It was found that the plasma-nitriding process enhanced the coating to substrates adhesion. In some places of hard coatings cohesive failure of the coating and the delamination of the coating was observed (Fig. 3) . The grain size is derived from the width of the diffraction peaks. The width of column is derived from the width of the diffraction peaks (λ=0.154nm, θ=62.5 o i β=0.056rad), and it is 70 nm.
CONCLUSION
The tribological properties, preferred orientation, the microhardness, the coating to substrate adhesion and morphology of the hard TiN (IBAD) coating obtained on steel substrates offer the better performance the former coatings. It was concluded that the formation of a plasma nitrided layer at low pressure, beneath a hard coating, is important in determining the use of hard coating
